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2 BACKQKJUND^ 



«'e data. Tra^S^S^'TZ'^^'^^'^^^ 

terns, the file server must h^. L ^ ^""^ ^V^- 

<»^etely consisterrt A rece^ »h 

creating a reacJ-^y ^ of n "^"^ 
«'e system, and ^Si . Z'^^'^°"<'^)^ 
instead Of tromThea^lf, ^"^^ clone 

ffle system. i.'^lo^fSSrr '^'^ o« 
ing thebackup. ^ '"^^'^^ remain on-line dur- 



HaSlSfgrQ£on§s!gjcy 



article describes the E^Lf^f: '^'SS- The 

system using mete^te^ J^'"" « 
bitmaps. a,;?i,:Kj^^ -;"°^„V'"'=. 

Plurality of separate ffle sS ^^ P' "^'"rts a 

refers to the pfur^^ S V/fr 

•aggregate-. I'n palt ySZ'T""'^ ^" 

^^esy^emforslowVchXgrr'"""^^' 

a^^irLe'StlnStS'"''?^^^"^^ 
irwde table u^" h f«r? "'"'^ent ot an 

Fast File "! "'^ 

usedtostiel^ Sa^attJ'r"' '""^^^ 
Episode file system An ano^' nf '"^"^^^'a in the 
tory of a ffle s«fJ!inS. t root direc- 

ries. EachSrsSSp'"'"!!'y«'esa 

^«eset^ All data X'^f^rr*"^ 
through the anode taWp 1^ •'^'3«"9 
ti^n. Episode ^L^fJ?^ ^^^"9 ^ach fife in 
herein referred to Ta "d^^^lT °' ' '"^ 
active file system uanTrl' ^ "^'^ ''^^ ^-th the 
niques. Copy<)n-Write (COW) tech- 

aT syst^^^ar a' '^i' "''"'^"^ '° 

I ' ater a system crashes. Logging 



«°<*^n thefi,::sr^ni^rotTi"'=^ 

map table indicates whefhrr . the bit- 

5 Allmeta^b^^,2'^7°^^^^ 

that stores tra^S 7^ ^ """^'"^r" 

processed as aSi S.^I^'l^'^'"- "^^ '°9 ^ 
action logg,ng Of eS;?^? ""^ "«=te The trans- 

^ete^nSirrX^^r::""^^-- 

•ransactbnloS JtSt"'''^''^*'''^"' 
^ej^irea^e^pIT^ ^ 

carefullydeteJJSoriSrr* « 

^ '^^asystemlalureS^Se 

of related writes. The nrior art "^'^'^''9 a series 

inconsistencies tha?:.rar:hal^^;-^^ that 
few unused Wocks or innH^K ^o*^ '"stance, a 

The Primary dS^^e of'SSf^" 
restrictions it places J^""^"® '® "^at the 

achieve high pe'SmanTe "' '^'^ " ^^"^ 

He sec:rpra7mlr'";^-«'^'--«- 
"ordered write wiS°i,il;f^.:^^:«^ ^ as an 
30 inconsistencies can^^. technique. In this method 

theorder^^ileTfelK!:?""''™- "~'^«r 
can be found Z f^X^fjl '"'=°'«'-^'«"cies 
P'es of this nJ^^JZL^'^ ^'T'- 

arxf BerkeleTJS pt Sy^ 
35 does reduce disk ortlwinf ^'^ technique 

perlbmiance peX S'^w'""^ eliminate me 
vamageisthaf;?r^e?yj^^^^^^ 



(COW) techniques for cre^irv^ I n °°Py-°"-wHe 
110 comprises'a «rL p^ S^^oa"^^.' 
that is set Pointer iioa ^^"^ ^ COWbrt 

directly Anode noZ^ril!?'""''' ""'^ 
«> having a COW bft tha^^" P°'"'^ HOB 

referScesYr^i'i^^b^*^^^^^^^ HOB of anode 

prises a poirteMipffJ. V'^''*^*""^ 
directly ZS.^^''^ '^1:^^^^^^^ «ock ,24 
Wock 1,2 conprises a "^'rect 
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The second pointer 120B of 
pointer 120A dej ^^^ct Week 122^1^ 
done anode 120 '^^^^ m turn, indirect 

COW W oi pomter J^f ? ^^23^ that relerences 
,'rTS^(?W wTpointer ,22A is cleared, 
data block 124. The COW mo,p^ direct pointer 

110A. ••12A-112B. 1^^ ^ortains a 

110B and 120B m ^ ^.ed are con- 

COW bit Blocte ~^a^ the done, and 

tained.nboththe^^e1.te^em 

haveset(1)C0WbrtsJ^ea)Wbrt ^ 

--r-enac^W-^^ 

in Rgure • ^"^Srtertoth.sne«blod< 
updated. The COWflagmtheP^J^J of original 
is'ien set The ^^^V^s ^Te ctone anode 120 

anode 110 « «='^'f^?'"^^ranode 120 relerences 
is created, pointer 120^o» donean«^ ^ 
databIock114alsaBomongj«^^« ,24 
anode 120 ^elerer^edata W^^^ ^^vv 
has also been modrf.ed as "J '^^^'y^ „2. Thus, 
bH 01 pointer ^^^A in on^^^ ^'^^^^^ 122 is 
«hen the clone amxle j Jjf^'y^ ^22 relerences 
created. Pointer 122f °* 'S^STbH d pointer 122A is 
data block f •^ll'iJ^^a 01 the original anode 
ra"i";rrSdonea^e120re.erence 

Ute a clone ^^J^J^J ^every ffle having 
clone anodes -"f .^„l,!';!Sstem. Atthetimeotthe 
changeddatablocksmm^^V^ ^^ tone anodes 
c.one.allinodesmi^be wp.ed^^e J n^u^^ 

,or e^ery -""^^'^'-'^^rsJace F^her. Episode is 
significant amounts of since each 

n^ capable of support^S ™'ySng,TS)W b« is not 
pointer has only °- ^OW brt^„^^^^^^^^^ For more than 
able to distinguish "^^^ cOW bit that can be 
one clone, there is not a secono o 

. .-.^c^i -clone- is a read-only copy of an 
100151 A <''f ''^ ,aeset te readable and 

active tileset wherein the ^^^1-^ COW lech- 
writable. Clones f '"T'^XnaS'efilesetona 
n-.,ues.andsh^edataW^^*5^ by 
block-by-Wo* ba^s- Ep^«de imp ^ 
copying each anode stor^JJ and 

cloned, both the ^"'^^^"j;^ ^ame data WocKs). 
,be cloned anode bo^p^^lotje ^ .^^^ 

However, the disk f*^^^^ ^gged as COW Thus, 
blocks in the original an«te J^^^Q^ ^ ^ 
an update to the ^ftaWe <rtM« Jo a new block te 
clone^en a OOW «cd. « n^^^^.^,,^ ^^^^^^ 
allocated in the tile systemjdupda^^^^^^ 

cation. The COW flag in the pointer 

S ThepriorartEpsolesystemceatesclones 



. Wo fliYl all of the indirect 
duplicate the enureingej^ea^^^^ 

blocks in the file ^^^l^ Copy-On-Write 
and indirect btocks f ^f^jj^ £ arel^ed by both 

(COW) bit in all P°>^^^^^^^ fc, Episode, H is 
, L active fne system arri «^^«^^^,^^^^ 

in^rtamtoi^^J'e^e"^^^ 

r.r^:rr::;:^rea.>erefore.n.stnot 

as much as 32 MB ona^^ ^ yocks) 

256 MB of disk space « Jj^fJ. Thus, the prior 

to keep eight do"^ "'^^^frfSs to prevent loss 

art cannot use large T^^^^^^^^'^Sck^ of the file 

,5 o. data, instead A ^^ ^^^^^ other than the 

system onto an aux-l-a y^«J^9^ Clones are 

disk drive, such as a ^^^J^J^^stent state at the 
usedtobackupafilesjeminacor^ .^^ 

■'"^'^'"''^'L^SSXtoTeTu^'^ storage means 
20 clonecanbebackedupio ^ 

without shutting down the aov 
tt,ereby preventing "^^^^J^^'^S^r accessing an 
Ty,us. clones «»°in,Se?yS. in a consfetent 
active file system whrte file sy ^ 

« stateisbackedup^T,^^^^^ 

backup is completed. Ep^e ^^^^ ^ 

multiple cjonj^-^ distinguish 

30 no second COW bft that «nbe set 

^ 100181 ^^f^^Sn'StetlSSw^ 
creating We systemdon J « tt^ 

all o« the inodes and a« ^"^^"^ ,,,^5. the inodes 
system. For a system «^.^^^p^e„iage of me total 
35 atonecanconsj^ea^^"^^^ 

diskspaceinafilesystern ^ ^^^gg. 

,em that is filled ^^^jjfj'n^ Spumes a signficant 
Thus, creating an Ep.sodedonec« 

« samefilesystem.Theresuhdm^sjm ^^^^^ 

be used, one at a time ^J.^^^^^^^ are then 
as baddng up the file system to «p 



eo theamendedclaims.provid^^r^^^ 

a ine system in a consi^ert ste^ a.^ ^^^^ 

only copies of afile syste"\^.*^Ssvstemin acon- 
^llTtigSy controlled to -^^^^ 

sistent state. The "•^^^'"^f^nsistent state. The set 
ss consistentstatetoanottier seR<ona 

0, selt;~nsist«. Wod^ on 2^^^^ 

root mode is referred to as a ^ sprites new 
invlementconsistencypoints.WW-1. 



3 



mode file intaTmS IT^ 
dfekdoesnc;,c4!je^*'^'"«^«"'representedon , 

ffle systems that aSel^'on^^*?^ UnliKe prior art 

'"^ion dupscates on^ thTnSe 
""de We. Thus, the ala^ h-^ ^' ''^'^s the 

cated^cde. Th^fa b^ro.'tl ^ '--e d^^^^ 
required for a snapshot fe cir^J^ '"^n 

I0022J 7helr^n. *"^'"*'^P^'°' art- 
bitten to the aS^e TyZir^^ ^ 
data that is part of a sniST J "^'"^""S 
*ta not be o.^^^' "Pessary that otd 
This is ^S^J^ « part Of a snap- 

"^P having a singfe bit p J S!^""* ' ^ 
not a Wock is allocaf ed^?!^ '"^"^'^ '"^e'her or 

-hetheraWockfeuSt'Utll''^ 
remaining bits are us«,1^ud ^ pn '"''"'^"'^^O 

ever, some bits of the sTbX 1 k ""^^"'^"'^ ^ow- 3, 
'"^^^'"fe'^ybeusedfbrotherpur. 
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50 



55 



a<«»tii„gtothepresemSn 
Sirj°afl''''^'^'"''"^-«"9anincorein«,e 

S^iri'toVeS^. ^ *"«le file 

a lu ine present inverrtion. 

-y d Tiie system tn a consistent state 

ence a common f»e. ^'"^""^ "'at each refer- 
Xo^S' the 

K Vis^S^r^^ ;-ion,y copies of a 

numerous specific de^s S.^ afn^'^^°". 

• as number and nature 



3S 
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presert i>^enton^", ^ may be prac- 

ton. 

whereFrf^syslemUyoutCWAFL). I ^ 

tem is block based 4 ^.^^ 

jragmenls). uses ''^f^ f 

incudes sTaeS-^aSSdescribes 
files. WAFL uses faes to store rn^-o ^.^^ 

the layout f'^^^X^r^^S'S ^ 
include: an ir^de Me ;^°^^^X5Slrrtains the 

rre=^pis^£— 

:S2Mes^-^ed"c;^^^ 
SSunode distinctions are discussed below. 

QrtDi^iWAFLJnodgS 



modes. Each ^'^.'J'^i ' Ablocknunijer Is 

havir^ the '^^f y^u^^^ ^avir^ 
4-bytes long. Use of "°*""r:„brilitates recursive 

process.ngofafrte.ngu ^^^^^^^ 

o!2i TloThaving the same le^el of ind.rec- 
about the owner of a ''^P^'™'^° ' swiled in the 
comprise a plurality d „„„^er entries 

small files- . . , 54 kB, 

rno281 For a file having a size of less i"^" ^ 

dan nods 420A-420C. 



Hock number entry 0 points to ,!^. ^.^^ 

numbers that [e'^,^^^ V^^'JotSc can each 
Similarly, single-indirect Mod© «utJ-Ao 
address up to 1024 data blocks. 

Forafilesizegreatertan64Mathe16WoJ 

. Srsofthe^ode^rag^d^^^^^^^ 

'^iTSSt single-ir^l'-* 

:r^.r"chs..e--^i-^^^^ 

!?Ji?i"lS?bl2knUer entriesO.1023 that point 
25 comprises iik^ " 480A-480B. Each single- 

^>i'S'4S;^2oBTfrrefe^ 1024data 
indirect block 480A«w . ^^e^ndjfect block 

blocks. AS shown in ^'^"'f,^ 49=^-4900 and sin- 

490C-490F. 



lncQreWAFLInQde& 

o > Q hinrk diaqram illustrating an 

" WAF^rode 82 . ^Ji^Se in«f. 820 com- 

incore WAFL moae - ^ 3^0 (shown in 

« i-^ o' tSrpoirte^SoB nTnlnode^Oatthe 
Keeping a ^J^P^^^,„ies file system imple- 
same level of ""^'^f^gT^ contains incore i^^ 
mentation. Incore mode ^ ^ ~ inKX)nsislency 
mation 820C comprising a dn^lag. an 

dirty flag indicates that 'n«'e ik 

"'^^'^^'I^'l^^ iSeTbeingl a con- 

•0°^ i u , vwAFi inode 1010. The file comprises indi- 



5 



b'rf'er pointers 1010C a S^^"'" 

approximately 300 bytes ^ J^ l ^ ' ^® 
bytes in size The vXS bUL^f^ "^^^ '^8 
co-rprises two ^^J^t^.l^L"^^ 

Ke,erSt^^?,ot'"""*°'^^'-«- 
«lirtyinodesaS^c.lt;,T;c^r.h'r^^ 

t^-e incde iS^;;^t U fe^f °' 

prises a WAFL buffor hJ^' ^ ^'ti- 

numbers. The wiSl^'"'"^ 1024onKtiskblock 

not comprise a 4 kr k. .« ^'^'^l buffer 1030 does 

WAFLbufferdata structurri 030^3 .^^i^lt^ °' 
fore does "ot poim to a second 4 KB^^'r "'^'* 
vents inefficient use of me^ThZ-^ P'®' 
would be assigned tor rnTn^i^""® ""^^ 

0. a WAFL in JLTIL^ "^'^ ^ '"n Rgure 
tree Of ,^ "SJtTu'c^^"^:,^ '''''^^ « 

Srirs£S-p-- 

1030-1034 S,,an '^l'°'*';'°='''- ^-^"^L btrffers 
encedbyvoirS,":S,r""°'"'^^^- 
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'OlOc'^are^^iS byt'^^^^^" '^"^ 
'010B that roots the tree of WaS^^ 
5 and 1030-1034. Th,« eaL wa^^ 
a WAFL buffer SeTo Sr"' 
buffer pointers lOIOC^n J.^ ^* 16 
a-goritj:^ tr4°S .^^r;^ tadlitates 

rented recu.^,jy Ta^ell t^^''^ '"^^ 
10 the inode 1010 M,L n^rl '^'^^'^ ^"^OC in 
stmcure 10V0B*Ser^S^rii^ = W^'-boffer 
on an entire ^^ I STo^^^r^ '^'^ 
would be difficult toiS^eir "^^''"^ 

9A-9D. sinplified indirect and drS k /'^"'^ 
•"titrated to show indirection. ^^^^2!.'^? 
understood that the WAR h.rf(« 7^ "ould be 

correspondng SS^S S^;^"^ 
For a small file having a s^e^^ ' "^^^^ 
stored directty in t^eTnli °' 
pointers. RgiL 9A fe^w ^^'^^r 

inodesaothT.trmtSS*!! 
urea except that inod?S SrSStT"!" 

instead Of 16 buff^SrsSs '^??'^ 
additional buffers are not allocat«rt 1 therefore. 
[00391 For a f ii« hi ^""^^^^ ^ery small files. 

lUMOJ For a We having a size that i<i nr^.*. *u 
equal to 64 kr o„ri • ® greater than or 

prises 1024 buffer pointers 

WAFLbuffers. Figure 9Cfe»Ht T"^ " '^^ '^"^ 

2 inode 820 con^ri^na 1 It « "'"'''^""9 ^ "-eve! 

^ erence is^in^^w ^ '^^^ 820B that ref- 

^iXtszTi'-y^r ^°A-93oa i 

glenndirect ZTi^J^^^""™. joints to sin- 
buffer 930A conpris^sToS 

KB direct wafKs s;,^-%^^vr"" 

« -ndirect WAFL buffers 9308 ""S'®" 
to 1024 direct WaS. iSS ^^^'^ 

WAFL Sffe^^el"': JSt^Sr-^' double-indirect 
^ comprises 1024 Sf;«!L f buffer 
glesadirect W^S^'^''!"^ corresponding sin- 
WAFLbSrZU«To2^^":; ='"9'«-'^i^ect 

addressed FiQSeS"i.?H ' *° GB can be 

- '•"ode820coSS'^^^2^^^aJ^ 

ers PTRO. PTR1 ar^ prm^^ Point- 

WAFLbuffers 976^9706 .^t^n^^ double-indirect 

ble-indlrect wiSt7o7ri 

ouiter 970A comprises 1024 pointers 
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980B. Each ^^'^^'^ZFLbMe^.^^ 
turn. 'eferencesJ^**jJ^^ 980A references 
Figure 9D, ^"^^"^^^Z^j^.^C arxl single-indi- s 

rwisK'er:io.4a-.re.w^ 

buffers 990D-990F 

nirectori^ l<? 

comprisesaf.rslsedK)n1410A~^^ 

directory entry ^^'^'*J^ itS/ na.,^ ^16- 
fion U10B cootaining the coSs a We « and a 
1418. Each directory ^'^^^^S^I^t f ile the entry 
generation. Thisinform^""'^*^'^^^^ ^ 
references. This ''^^'"f °" ."^ ^l*^ u Each entry 
and therefore is not "'"^^.^L" SoA J the directory 
1412-1414 in the first se*^""!*^^';*^^^ section 
Wock has a Poir^er »ojte " : ^^^^ ^ 
1410B. Further ea*e.*yH^^ ^^^,«,ion 2S 

value dependent ipon "^"^'^ , ^^en a hash 
l4lOBsothatthename.s«anw^ny ^^^^^^ 

Krt (a hash match) o<=f vafue 1412A 

the f irst section I^^O^J^^^^J^^^^^ is a value 
and a pointer m^^The hash value^l^^^ name 30 

dependent upo" «ariable length entry 

■DIBECTORV.ABC- sto^^ ".^^^.tointer T412B of 
1416 Of the second se<^'°".J*l,"^„„.. ^ntry 1416 of 
entry 1410 ^ints to the - 1^" ^ -teitdirectory 
":^uST41 thefSuectionUIOA^eeds^ - 
entries 1*12-14" 'ni calculation is not 

the process of "^^^^ „ directory 
rec^uired to find the n^ enjv^" J drj^or^ 

Further, keeping «"*"^^J*l^'e fo„i,e systems with a 
small 1410A improves the hit rate tor iiie y ^ 

line-f ill data cache. 
Metafi^ 



prises an mode file, »non^ ^.^^^ 
WAFL stores .tsmeja^a^nt.le« is 

S?nr5^S"=oa..«a.oniustliKeany ^ 

K^'tfirm^Sa.-^^^^ 

^'^Tour^^^f^S^iSS - inode file 
tem. IS a d«g ^^^^ ^^^^^ 

1210. The mode "'e ^^s" ss 
a disk unlike prior art systems tt«»«^J .^^^ 

^^•■^^sriSo?ie:<stin^^ 



ispoint«.tot,yan-.noderefen^-tJe;^^^^^ 

The rootinode is kept inafixcdkgr ""^described 
to as the file system i..for mato^ ^ ^ 

belo«.Theinodefilel210rtseH.s^ed.n 

« Hick for 4 KB buffers in memory). figu'« 
on disk (Of ^J'" 1O10A-1210C are stored in a 4 KB 
trates that modes ^2 128 bytes, a 4 

buffer 1220. For on^lisk ^ incore 

KB buffer (or Wo*) J'^^t^Lffers 1220. 

•^ode file 1210 *^^"^^2to^te loaded, the on- 
When an incore mode f' ^-^^^^^^.o^fe copied in for 
diskinodepartof Iheincore inje 12^^^^^^^^ 

the buffer 1 220 of the -node fje im "me 
itseH is loaded from disk Wnt»i9^^;° ^jch is a 
the reverse order. The '^"i-'^ll^^^r^ 
copy of the ondisk inode. s copied lo^e c 

S;^theinodefi.e1210.swrmentod«^^^ 

.nTo:;emfs?da^^^^^^ 
^"^f? 110 «e 1110 contains a 32*it 

map file 1 1 10. I ne w^n «v ^ gys- 

entrylllOA-IIIOCforeacMKBb^^^^^^ 

tem. H also serves as a ee^'loo^ 
,el1lOinJcatj«-~^^^^^^^^^ entry 
allocated. Figure 'S ^^'ag ^ 
, t10A of blkn^ ; e 1 110^( t^-J - ^ .^^ ^ 32 
shown in Rg"'\^^^.; ^"^.L a entry IHOA is the 
bits (BITO-BIT^D. V|';3.°'CFS-b« of entry 
active file ^V^^'^^^J'^! !S,e corresponding 
1 110A indicates whether "'^""^''J ";.2o (B1T1-BIT20) 

is part of the ^^^^ "'ScSe vleJierthe W^ 
of entry 1110Aarebite*al^J» e v^ 

part of a corresponding snapshot 1 ^ ,^1)15^,6 
^0b«s(B.T21-BIT30)are^^^^^^ 
consistency point brt (CP « e y ^.^^ 
00461 A Wockis av^L^^,^^?'^;^^^^ 32-bK entry 
system when all bits ^^^^ ""^^'^^^^^ 
1 110A for the block are c'ear res^ to a 

bitO(BITO^al«.jfer^toa^^ 
value of 1 . the entry 1 1 10A o'"'^^ gj,^ , .go 

a Wock that is part °' ^^.^^Lte ^^^^^ snap- 
(B,T1-BIT20) a- l^apshc.s are 
shots. If any. that '^7®"^^' n(BrTO) isseltoavalue 
described in detail below. "JJ^^^^^ttheblockis 
0, 0. this does not '^^JcV^hs must also 

available fa allocat^- ^' 31 (BIT31) of 
be zero for the block to be al>«at^- «" ^ ^ 
entry IIIOA^wayshasthe^-^^^^^^^ 3, 
on disK however, when Icwded im 
(BIT31) is used for bookkeeping as part or a 
ency point. ^ ^^^^ map" 

[00471 Another metanlata file is n'e 
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(inomap) file lhal serves a? a • ^ 
13A is a diagram mZZ^ '^9ure 

for each blocKin CSr^ ,^1 ^If^ 1310A-,3,0C 
Each erttry 1310A-I3i^ il ! ^'^"^ '2- 

;n^co/espor„;?o^™ 

13A shows values of 32 S ann o ^* ^^ure 

1310C. respec,ive.y\?4S7,e ,;rt 
-nspected to find which inod^t ''^ 
does rwt require laroen!^ T ^« ^ 

1220 of inode fsVS fS^ oT "^^*^^""* 

1210 can hL Z^rZtf'^*^''''"'^'^^ 
«o* 1 220 Of ant^dl Kfo ^ ° ^ 
the entry 1310A-1310C „r l "° "se. 
When all the inJi°'°;^ '310is0. 
- in use. i^eX^To^^^^'^'!^^ '^'0 
1310hasa valueof 32 ^ "'^ "e 

Sl3Sco^nod^ «M^'"- "'^ * "-^ 
1340 stores 37 '•ST.Tj^ ^V'^'^'^ 
1340C. Blocks 1340A n^r ! 1340A. 

1340C of inode fTe -TJ 1340A- 

for blocks ^34OA lS^!^t'^'''^°^^^'^'^0 
entries ISSOaTss^^^ °' '^■f ^^40. In turn. 

32 free modes in^cSrS''?^"'''^^'^ ^"^ 
1340. respectively 13''0A.1340C of inode file 

S l3lo:'^,r -ngabitn^pfor.he 
counts is d^^nii.'™"^ "^'^'l of 

bytes per en^" oA^o?S Lr'' ' 
•node file 1210 fsh^nVnlr ^' 1220 of the 

Freeinodesin X;?Sol'^^^^ 
do not need to be iSJ. .! ^ "'^ '210 

because the im>Ss ™™P '310 

lion. ^ themselves contain that informa- 

S.rJSrSrs.Se-^rr^'"^^ 

St^bS^rP^^^^^^ 
•em. The fsinib '^""^ 'he file sys- 

'hewAPuys'ix^r.r1t??3t'^''^°' 

erencing the inode file l^nT ^" re*" 

formation (fsiS) Sr^e" Sl^^t^'r "'^ ^^'^ 
'nformation 1S10A ncludin^ mi 15^' ""^'"^ 
«'esystern.,hecre^Sn^:?e?,h^'?''°'"^'"»'« 
miscellaneous infornStir^sm Ll''^^"'- 
checksum 1510C fdesotfTJK ? , conprises a 

in a metadata file in an can be kept 

identical cop.^ oMhe f^nf^ 
fixed locaSs on d!sk. "^"'^ "^^ i" 

I0051J Rgure 16 is a diagram illustrating the WAFL 
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"r^ssi^^^^-rar1?;rr"-- 

Wkmapfile 1630. inomifae^^'^-;"?^" '620. 
and a typical W (or^^y^7 *^°ry '650. 
5 comprised of a miLirZr*; '"odefile 1620is 

erenSa°;S?riS'" SV^^'^^'a're^ 
'node 1620A of inode «le^ '670. 
1630. Inode ^S.otTen^i^^^'^r 
1620C references rn«V^!^ ™^ '640. Inode 

•node file points to an fil«,S?SJ^- "'^ 
'670 except for fsinfb ttoS le^f 1*'" '^^-^ 
bfo*s 1610 and l6S^eaS?Li! ° ^ '^^'^ 
16128 of the inorio\J.s ^ 1610B and 

btocks 1610 a/Tiriywi ? ^ '®'2B of fsinfb 
that in turn diaiw ""^ '620. 

the flesyst^7o1,2!r "'^ ^^°-^660in 

'640..he7ooti,S 6";2lf "^""'^ 
no root of a tree of blocks T^f^/>c, ^ ""^^ 
this tree structure ^h. !.^'" '6^0 uses 
point) and foMZSeS„r^''^ 
belovi "dementing snapshots, both described 




[0052] WAFLin-coreinodesfie war ^ 
shown in Figure 10) of the W-^i n ' ^°'° 
tained in di^erent lintel nsKa^ !!• '^'"^ 

- 'nodes that ref^e;: iH^blSt^L"'"' 
•node list as shown in RguJe 2ILI ^ ^ '^'''1' 
data that is not dirty aiTe^t ^ "^"'"^ ^"^ 
inodes that have no ralwlS ^ ^^"^'^ ^nd 
isweH-knownini^Siif^^^^ 

- '^'o'inodeshav,!g%U?aL''iXrM^ 
ing all of the modes Zf lS^.^^^''^^^^'"^ 

mooes that need write allocations to be 

« 210 Of cfirtylSTn^^rmpr*"- 

.220-1750. As Shown in Rgu e 17 e^^wTn '■"'^ 
mode 220-2'^ rrxrr^.' * WAFL in-core 

WAFL inode 222 noint^ w/ac, '"^n. 
address 2878 WAFU^ ooT'^'' 230 using 
^ 240.WAFLinodSr^!f°'^"^*°W'^'^'-'"node 
250A of WAFU^'?^^"«'« ^^50. Thepointer 

theretbredoesncZfrn?,^""' ' ^"^ ^ 
'ast mode o^S'L!^^'- ' 

«helist2l0repr«enfsafi2 JT^'"^^ Each inode in 

« asdepictedin^J^OA^S"''"'^'"^'^"''^^'^ 
erenced by each i^e to ! '^'^ buffers ref- 

bu«er coJlins mSlSa mat ItT""- ^ '^'^ 
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writes dirty buffers to ne« locations on disk. 
CQNSISIENCYPQINIS 

rnAMi The WAFL disk Structure desaibed so far is 
M dl. a ne. <»nsia=nc port ™a »» 

isi* *u*ro 1612 «^ 

Soc and 16120 tillielsinloslioctuie 1610 

structure 1610 or 1612. eacn ,s4ormally. the 

root mode as it is being written to disK^ womw y. 
Si*structures1610and1612are.dentcaL 



^nocTi Finure 5 is a diagram illustrating the method 
SSu«^ a"2ist:ncy P^^ In step 510, al. W 
^ a^i^ that DOint to new blocks containing mod- 



"^.n'^lon to setting the -sistency ^"J 
Sr an Srty n«des that -^of ^e «.n..e^ 

up tor disk ^O^^. „,3hed to disk. 

30 100601 '"^^P^°;^fe' the steps of allocating 
Pushing ^^^2 ,Sn^e lio^S^^^ 

S^'^r^S'Si mfcreaton and dele«on 
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ten to the pre-flushed Nnru .0 ik ■ ^ 

time DfooreRsoc ... ana CP-bit. As 

^ K«wyf esses, some active FS-hite ^< , 
entries for the filp T "'^^ «e 

-«•• ^ 

checksum value is usS^k . ^""^ ^ 
below. « described in detail 

delayed beLiSTeUtn^.iJjr?'- ««« -e 
point be requeued. Any fn^XTJ^'T'''"'^ 
Change during the coSenSS,iSte t?«^''''^ 
ency point wait (CP WAliV ™ 
queue holds inodestJitrJl^^r^^ ^^-WAIT 

started. Once ;.e SnJl '" consistency point 
modes in the CP ^T"' 

OP_WAIT queue are re<,ueued accord- 
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9'e cSeri^«iStC2T*r*"'*^«^^ 

state. As iflustratjrSqTe ,5 Jl'T"^'^^"* 
'5 blocte 1810 nsioTJlT- I ■ ^* fsinio 
nZT^l (1510) contains a checksum ISioc anH , 
generation count 1510D ^ ^ 

So„ss-rr8^sst?^^^ 

- SfpSn^r™^-^"-^ 

;-r3iStrr~ 

fsinfo block JaiJvJrJeSrr ^'^'^ ''^"'^ °' 

^ oMhesecondlsinTtToSirrtr,^^^^^^ 

block 1810 refeSicS^i, ^^'^'"'"''^•''^'"fo 

Whereas ^^^:^s7Z^Zot2 ^V^^ 

- .n Figure 20cT5:?^nf'''^^"""^^'^ 
1870D of fsinfb bkx* i87oS?» . ^^^'^^ 
fo-the,wo,sinfXLi5lOa4^7ol^:- 
generation count .Zof n!i ° 

1870 wiVhavtaT^cS^l!'!,'"'* ^S^O and 
thediagram) lione^f 

occurs when the tile svsiZ^ k ^ '^^^ 

«' Figure mPo^^^^J'^ r !'*"*^''''"*^***'" 

o'thepresemTnS 3 aiSaSr? "^'"""^ 
generation count ISiTd (J S 

beforetheseco«,St?oS ?7?°SJ'I°^ 
eration count 1810D (^"Jof IS 

- g«.era«on count 187K.:LS'2^^^^^ 

hightTfeSeSst^ "^^oi: 
astern err s-rrr^^^^^^^^ 
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RAID p.ol«B agsina. « "Sf'^S^Ji s^om Ms. 

system. 



witt,reierencetoFigures 5 a™j 6. ^ 

100771 In Figures Reside them, 

been modified do "^^^f. f J^t dala as corre- 
T^erefoce. ^'^^ a" o^^^ay be loaded 

spending J'^J^anged with respect to its 

into memory ^/JJ^^'^^f.^Sgie asterisk O t>e5«« 
on disk version. Abutt« win a a 

i, indicates a dirty ^^^^ H beside ft indi- 

«ed). At^lfer vjth a dot^e a^e^^^^ 

rrir^teTr^^^^^^^ 

to Figures 21 A-21E. ^.^ ^390 of .nodes 

[00781 Figure 17A ""Stf^ies 

v^th dirty t^uffersc^n^-^ -^^^^^^^^^ ^ 

modes 2306A and 2306B r^«enc ^j. 

wt,ere at least one txrffer of e^^J^^J^g, ^ 2392 

lied, inrtially, the consisten^ ^'^,!^Z^]m\B a list 
of .nodes2306Aand2306BaredejedW^^ 

2390 of modes wfth ^':Jy'^f'^;a^^Sn skilled 
-XUSfs'-nS^^-rmelyTh^^ 



i^^mustalsoben^rk^as^^^^^ 
point. They must beflu^ed to J^^^^ dirty 

m system of a P'.^^"^ we ^ 

faes 2340 arKJ 2342^Ffle 23W j^^y p,e 

,0 2314 containingdafa A „^g.2320 comprising 
r -rE-^ndT^e^Skmaplile 23^ 
' w;iM24 T^inode file 2346 compns« 
comprises Week 2324. me 
,«o4KBblocl«2304and2«J^^^^ 

,5 comprises '"'^^^°J''„^S44 respectively. This 

tLTfile nun*>er in 

is illustrated «°*S°CrJses the root inode. 

«^*9p,;°°V7"?!s'ad.agram illustrating two mod- 

P"*"' TwiS kl4 and 2322 in memory. The 
ilied buffers for blocks^14 ana ^^^^ 

- act.ef..y-is-^^^^^^ 

taming ^ta C «s de.««J « 
-F- stored in "0*2320 is n^ ,t should be under- 
stored in a bufferford.sk Wod^2^ 

^""'''C.^il^^s^S^n memory at th". 

SSst nc7 bit (CP-BIT) is set 
40 respectwely. The <»"«^^7^^^ tt,at the corre- 
during a consetency po^rt to ^ 
sponding block is not mod*i«lonceac^^ 
^begun.butnotf.n.shed.BlT1 sthetira ap 
(described below). Blkmap ^nt nes ^AA a^ 

,s Illustrate that, as '"^'^^^^^^ r«ie active file 
2304 and 2306 of mode f rcTnsislency pdnt 
system (FS-B.T«,ualto^a^^ 

^^'■''L^^r^SSireintheactivefilesys- 
2312 and 2316-2320 ana unwever blocks 2308. 
- ^^"'^'^^S^S^eSe^tractivefi.esys- 
2322, and 2326-2328 are nen .^^^ ^y BFTO 
tern nor in the 'j^.^^^^^^^'^X STeS Jwock 

. fe::;::«.edfrom.eac«.«.es^^^^^^ 

100821 in step 5 Od F^u^^- ^^^^^ 

::«^esTre^-^-"----^^^'^^ 
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.a^esetd). '"ode2306Are%;;^bS^,7^°68 
'ng data 'C" of ffle 234n «,h; . . contain- 
«c«ve file system SSl^B ^^Jl^"' "'^ 
«-e 2346 references^;: ^ 8,^,^^, '""^^ 
data -p has been mnrtwi^v/J containing 
data "P nSt ranSif ,"1 ' ^ 
2306A a«J 23?6B SS>i^^'*^'I°' the dirty inode^ 

2308. The buffer LwoSs?.'^ 
to disk (in step 530) \'"'««'"entfy written 

TTie moiified^teMSfe?n mJSf ""^'^ ^^E. 
2308is,narKed,^3 "^/^^^^ 
and 2392 of inodW23SS^^p'"^""^9^ 2391 
(0) as fllustrat ed in pj^^ '^S ^^'^'^^ 
for "se by other procS« ^"^^ "^^ 

file 2340 is 10 be dStit"^^- ^'«* 2314 of 
tWs block until me SS.^r*''' """^"9 "^"'s to 
conpleted Block 23^?. -^ «*^"en«y 
TTifeis illus.ratSo'S, ! ^""h =20 
2322 and 2314 hav^tln « "'^'^'^ '^"'^te 
"•)• internJeS-S a^Ssk*' ^"^'^ 
.^own. The inodes 2308T^ ?3^^':tS'^ 
'"Ode file 2346 are flush^l to ?f • °' 
2308A of block 23o«r!^ ° "'e- 'node 

of file 2346X1^3^^1'^'''°*" ^2312 
2322 for «le^42 2^,L'S,"^^"°*^ 2316. 2318. 

space is allocaTeJVSSsI,;"^^^^^ « 
direct block 2322 lor fileS.?S°' ^346 and for 
iteelf has not bee^ ^^f S "^^^^^ 
-niainsinaconSTem^r '^'^ 

"«P file 2344 is iS S h^'^'J'^ "^''^ bfk- 

"»P file is pre-f^shed in Wk- 

230B of inode f 2^ Ho*^ ""^""^ ^ block 
erences block 2324^stlS''A 'T 
for bikmap f Se 2344 an^^n*"* "^"^^ a"«a«ed 

anoc^Xinodatsr:,^^^^ 
for bikmap file 2344 A«:Hoor K?.^26 is allocated 
'■"Ode fiir2346^tet?^'^^«- Wook2308of 
bikmap file ^TsZZI^:''^'^^ ^3080 for 
file 2344 is written fo^o « b"««P 
<node2346. S :nSrr^S:^3o£'i.":? "^'^ 
erence block 2324 in " "^"^ ^ ^ef- 

in memory c::«Sn^^;r2S)6"S2""'° 
wrtten to block 2308 TWs fe m^rS *^ ^ be 

;^-node2308Crefe^rSSr^"^^^^ 

™"2ro?23^- i:;rJL^^^^--^^^ 

"Pdated in Figure me^'ST 
Since the consistency poimtlan „ ""^ 
-samev..esin^rX:";Trj^^: 
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updated by copying eiTO (FS^\ *^ .u 
Pointbit{BIT3^^BloAS)6k^^ ^ consistency 
system, therefbre So ° 

turned otfin^t62?wL^bSfi^«'''° ^ 
s '«*'lt^enewdmafc^rarDSt^f'®*^^''°«»«'to 

Jfrated in Rgure 1 7?2r'Sy 2^^'"°? 'Jl^*^ 
2326F for block 2314 of We Sn k o^'™'^" 
^tozero Block^?oS,f ^ ^"^ ^^31 

btKmap f,le 2lrar?h.2.S^^"«*2324of 

btock2308of^eS^^'''- ^SO- dirty 
mapfite2344arew*enTd2r^S'^"°*^«^ 
ure 17Kbyatrip;ea?i^^?K !'''^'"*«''"'^9- 
^ P'easterisk{ ) beside blocks 2308 a«J 

'5 [0087] Referrinq to Prnnrn • 
system information blSk?3o?fefll^»? 
Pedbrmed twice ThrS Itl^'*' to disk, this is 

then written to diskpJJSh "^-^'^^ 
"re 17L In RgufiS^J?'^,''!!' ^ ^^^"sk) in Rg. 
^ trated.Assh^irtLH ^^'''''*"°*2302isillu?- 

tn Figure 17L block 23nfi « . ^ "^^^ 2346. 

'«e2346intheaSe,yrm°^;r 
erenced by inode So8A ?^ .?'^'^'"'^2340ref. 

- "«*s2310aS23?BSlV;?T«^^^ 
2^2340 in this consisten^pofn^'p^ el^^^^^ 
"ocks 2316. 2318 and ''^ comprises 

point Whereas btoci^Sot ^ ~"^'««"<y 
f^er. b.Ock2308XSS 23":!^ "'^ ^342. 

She a5v:^J^^^"^« 'J^- « -nsistency 
'•node of the irx^et aTi^l?^^ "^^'"9 the 
^er.thebtocks^ 4 525p^^"°"''^2.How- 
^ vious consistency no'i^r^rl^ - ^306 of the pre- 

are n.er overj^ rn'T^Sar £ f^^ 
ersure that both the old rXL . ^ '''^ system to 

new consiste^y Joim '^'^ ^ 

during step 540 °" '^^ R9"re 20 

40 



snapshot isaSySof^Tf 
« a given instant wheTl^» k . '""'^ '"^ at 
created snW^^feSL^^J' ^ "ewly 

as«.eac*v1tSm 

a small period of time andS^I^' " '" '"^^^ '" 
lional disk spaca Only^ 2?^"'"'"^ ^"^ 
» system are W)difi«i P^ ^'*^'"'^« active file 
c^skdoesthe^ Sg^-"^" 'oca«ons on 
10090] WAFl^Z.H^^"^'""^^**^ space. 
<'.ata/enuS,'^,^*°20dW.^ 

creation of multiple allows the 

« Each snapshot isrLZ^K ^ '"^ ^^stem. 



12 



23 



EP 0 702 815 B1 



24 



However, any '^.fJ'^^Te snapshot inodes reside 
file system could be J/,, J^^e fimft of 20 snap- 

shots IS imposed by me size snapshot N: 

WAFL requires tvo ^o oje a n^ ps ^ 
copy the root .node '"^^ ^^the Wkmap 

rrirrthirrs---^v.e 
rrr'^r::^t;:^:e«r..esyst^ 

^•^ L in^eSat references exactly the same d.sk 

snapshot mode n 'ndi corresponding bit m 

blocks as the root .noda&^ttngacoa^ ^^^^ 

the Wkmap for each block "JJ« 3*;^,^ ,5 

snapshot btocks from ^^'^^''^^^ WAFL 
no 'onger -es the !^;'^*^^^^^ ,„,,,,„s. the 

inode, It consumes no ad<^ ^nald^^^«^^^^ 

rSentr'u^^vX^esnapshotar^ 
rarry:trsharefewerj^few.^^^ 

names Of the srj2*^^^;!^f,.^^ 30 

""IStoXJSe Hth all other changes, the 
as described abwe. ^ne 

<>^^rv/iPwof Snaoshots 



1822 Bv copying the inode 1810A of 

snapshot inode ^^•°^,3J'is created represent- 
Ihe inode file, anew file of .n«l^.saea 

■'"^ r„SeSd" e^rncSt^reHseK^c^ 
Because the 'nale JSIOA ^ duplicated, 

ied. rto other blocks 1812-1820 "^f ^ ^op- 

of indirection, tacn ^ ind mw.^ ^ 
«^ns32modes where^ch^e^^^^ 18B 

file when the ^napsl^jjaa y«s^e 
Hself is a 1822 is a 

r^:^KS°.e::c.efr..iscc,ed 

into the inodefae^ .„^j^3,i^ the 

^l. ''C S) iJ^aWhot1822whena 
active file sys»emJWO ^ ^ subsequently 
Change to the "^""^l^^^^J^^ As illustrated in 
occurs after the snapshot 1 k teija 
,hediagam.block1818comp^.^r^dja D .s 

after the snapshot was t*en (m Figure i at»j. 
atter me a »f containing data "Dp„me ^ 

fore a new block 1824 coma y p 

cated for the active f*e syj«nj^ ^•^J.^g^g 3^,, 
file system 1830 ""T^^^iJ*?^ I s containing 

r.^„e"nr:se.eWA^^^^^^^^ 

wrHe blocks on disk. ^^%"°*c^ bitthSissetin 
against bangoveovriU^y a "ap^^^^^^ 

the Wkmap entry for block I8i8j^n«e 

S,ot 1822 still 

well as blocks 1812-1816 and 1820^epres ^^ 
tion. as illustrated in Figures 18A-1^^ « ^ 

systems that J^^^^^^ 'L^^^^^^^^^ ondisl. 
done is a copy of all the b'o*'^^ are 
Thus, the entire contents of the P^«^^^ '"^^^^^ ^e 
duplicated requiring large ^"^""^^i^fdS^^^^ 
aswell as requiring substantal time for disk vu op 

St] AstheactivefilesystemlSSOisn^Jiedjn 

'i^ i«r H uses more disk space because the file 
Figure 18C. rt^^^^'^.g^g-lSo is not overwritten. 

In Figure 18^. "o* '» ° yo^k 1818 may be 

However, m a" acK«l f^l^^^ 
pointed to by indirect "ock as wen^n^ 

irv,..r<. 19 is a cfiagram illustrating ttie 
10098] Figure p ^ 18C. Block 

changes occumng in Wo*^^^^ 
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are also modified. The poinfeT Sf J! ,^ * 
"0* 1918 references n^S^O .SrS^"^^^ 
1918must also be written JtT ' block 

'»ecause it poinlsfo block l&^^ L ^ "^'^ 

well.Thisrequiresbtocksl^aSl^e.^r'"^ ^ 
disk inanew location as wen 

.Changed and been iTSaf^S^ H ' 
in ttie inode file is wrtttar. „ '«ation. the mode 

Wodc of the inife mS^a^^!: ""^ "^'^ 

frLre?»--~^^^^^^^^ ^ 
">»" bta* 19101= n«/«,_r ^ ' Thus 

.3 WerrXtott,;'^:;,^ "P^^^^ 

Of disk spaceTre usS^r*^ f ^^"^^ 8-32 MB 
C3B file s«^ H ^' "Cone" of a 1 

shots 21 10A and 9i ino ' ^ Previous snap- 4S 

to the active r,S7vSl"^^-J^^"^'^^P°^"9 
21 IOC for thP m,^ ! '^'^ '"ole entry 

«hroug,afS?™;Lre^^rCi.?tS*^ " 
ated. The entire fite ^ has been cre- 

Ceared (0). All tClno ^u^J' <^> - 
are copied into the InnTe 

the file system is in «1 2110-2116 and 1207 in 
taken. ^t the instant it is 
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fOt04] Blocks that have existed nn w i. 
ouslyforagiven length of time^^IlT 
responding snapshSL 21 10121, 
thirdsnapshotsTloc Ifa WcS^hJJL "'T""^ 
tem for a long enough perSStf ft ' "f" 
Jje snapshots. Block^^;'?^J^";«^P--^ 
Figure 22. block ipn7 Jo r«# '^o^ As shown n 

the active «e a^?^":!^ '""^^ 2210G of 
^ ^ node tte. and indirectly by snapshots 1. 2 

systemcoJies^EStS *r^^S^^^ °' 
can be deleted at anu „ ". L ^^**" a '^e system 

emryavailaSffofs'^S:::-^^^^^^^^ an 
entry that refere^ltf^Jf ^'™°'a"k- 
<^e.«i (inc«catingtS iS ^rdeSj^^^^^ 
act we file system) the Won, the 
the snapshSeJ^l bSt?^""'^^ * of 
block is part of a sna«hn*?h!l . ^'^ ''^"^e the 
on.yber'^usSS^'S^^^f^"^^^ 
set to zero. ""^ ^ the Wkmap entry are 

^'ssfiliMnferiifinga^^ 



SgarSSrsitr""' ' "^e 
5. 'nstepsTa Srr-!::^P°'"»**o*ninRgure 

the conSter^tS^ -^rs^J ^J^f "^'"^ " 
J'ushed to dislcrstep "s£^^, ZT'^H'^J:' 
Me and the Wkmap file) are fli^ ,„ ? S t' "^^ 
the fsinfb blocks kre fl.!^!^^^. '"^ep540. 
•nodes that^rilS 550. all 

essed. Raur; .r;ri"l«?"^'^^cy point are proc- 

a«ng a snapshotlfj^^e ^^^^^^^^ 

-espondrs^S:*,,^:^?^^^^^ 
tfie snapshot from being ovenwiften i'^!'^ ^ 
deletion of snapshot is D^m3 ? ^nd 
that is the on^ v^^tS^l"^^ f ^ 530 because 
-Inconsistent 

nustraSr4:nrar^'"^ «° 

a new snapshot is cr^!^ 1l consistency point when 
those for aTZ^ r^^- "^"^ ^^ry similar to 

c«agramiStgrSi;fS'2''r''^^''- 
for creating a snaihS. Sj^^a^f ""^"^ 

aiiocatesdiskspaTefcJtfJbSS^^' ''^ 
and copies the active Fsl»S^^ ""^ "^^ "'^ 
represents the coSoSSl ? »'ffapshot W that 
tect the blocks in^eS^^T^"^ ^ Pro- 
10108] InstiyJo^^L '"''^'"S^^'tten. 
the s4shotS °L?,l;"°^^°'*^«"'«™P«eand 
addrti^o^lll^ Sr^fofTbr '° "'^ ^ 
block Of the inode file (asT^^et S^"" *° ^ 
oonsistencypoirn,.eUor:n°S"^4'- 
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ated is also Hushed to a block of the inode fiie^ TOs 
ent^that the block of the -.node file ^^^^^^^ 
inode of the snapshot IS dirty. 

a course, the b.oc^t^ata^^^^^^^^ 

^responding amount of dsk space that e freed) by 4o 
iXSsnapshot The system decides whidisnap- 

sSJ to delete^n the basis of the oldest snapjKj 
tSrs can also choose to delete specrf.ed snapshots 

usuallv turned on at some instant. Setting Blio loern. 
rKnesponding «od. as f ocatedj t^e^c^ 
file system. As indicated above, aH 

SSSSS^:nS.Therefore.the«o^is^^^ 
atS available for reallocation and cannot be recovered 
subsequently from a snapshot. 



toiiTi AS described previously, a snapshot is very 

the differences for generating a snapshot. 

mm Figures 17A-17D illustrate the state of 
SaFL file S5^em when a snapshot is begun. Wldr^ 
modes are marked as being in the consistency part in 
^ 510 a^^regular fies are flushed to disk in 
tS SSs JJtiarprocessingof asnapshotis Wentcalto 

S J a «)nsistW point Processing for a srapshcA 
rf«ers in step 530 from tat for a consistency poirt. The 
^ZZ de^'bes processing of a snapshot accoKling 

Sflir'The folK^ing desaiption is for a s«».^ 
Sot Of the WAFU file system^A ^^^ ?-^fJ^ 

Si^-aSo ?nd 2324 are contained in the fiist sna^ 
s^? S^her snapshotbits (B1T1-B1T20) are^^^ 

r^ntain the snapshot 2 inode -^'^'^^^ 
inodes 2308C and 2308D are pre-flushed for snapshot 
2 and for Wkmap file 2344. „ ocma ic 

mi9il in step 720. the entire Ukmap file 2344 is 
S Thil J^Tause the entire blkmap file 2344 to be 
aSe^diri^ace in step 730.1n step 730.diskS|»ce 

raS2?fcrdirtyb.ocks2308and2326fc^^ 
2346 and blkmap file 2344 as shown in Figure 21C. Tjs 
i MiSed byTtriple asterisk (*") besrie blocks 2308 

cMce is allocated for all the blocks in step 730. 
Si In step 740. the root inode for the ne« file 

Se 23i8D]Strenc'es blocks 2304 and 2308 but not 

iSr^n step 760. entries 2326A-2326L in Wod. 
2326 L the biS. file 2344 are updated as illustrated 
nlfgr/lE-The'^d^Qramillustra^^^^^ 
o /Ri™ is undated as well as the FS-Bli ana or 
BIT fS eC2l26A-2326L. Thus, blocks 23(H^ 
2^8^^2316 2318. 2322. and 2326 are contained 
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29 



^snapshot 2 whereas Wocks 2306. 2314 2320 and 

torfkw TK. ? • ^ ^"fo "octe are flushed 
todsk. Thus. Figure 21F represents the WAFL f ,e s^ 

^ed^^cces^S^^^^^^ 

Access T7mon>.^rMrrtn 

acc^ J^^ " the file is 

s;^!nedSc::Lciidi^"' «^ 

new blodc fcT,!^ i modifying an inode causes a 
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[0130] AlJowing inode file blocte tn ^ 

WAFL a* «^!7h? . "^'^ inconsistency 

stored in the inodel^TSSJ^ ""^ 
Thus, when aS^^S!'^^^^^ 

access time 2423 lbriS?2P^l 
"5/1 100OAM- -nV '^^^y^^^rtedas 
lu.uuAivi . This occurs both before tho 

Claims 

"larWng (510) a plurality of inodes. an inode 
bemg a file definition structure de«:Tbing at 
!S 7 « system, pointing ,o a 'plu 

2,:^irSe^^.r---^ 

X^Sern^----- 

"f "9 (540) at least one block of file system 
•nformation to said storage means- arS 

part of said consistency point. 
'■ J^-^^fodofdaimlwhereinsaidstepofflushina 

pre-flt^ing (610) an inode for Wockmap file to 
an mode file: allocating (620) spaoT^^S 

and said Wockmap files- 
«^^ng(630)said mode for said blockmap file 

"'"^"■•^ in said 

Wockmapfile Wherein each entry of said pluial- 
Hy^n...epresentsa«ockonsa«st^^l 

f.le and saKt mode file to said storage m^ 
Patentanspruche 

1- VerfahrenzumErzeugeneinesKbnsistenzpunkts. 
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umfassend die Schrrtte: 
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Markieren (510) einer Mehrzahl von Inoden. 
wobei eine Inode eine Dateidefinitionsstruktur 
ist die zumindest eine Datei in einem Dateisy- 5 
stem beschreibt. die auf mehrere modifizierte 
BI6cke in einem Dateisystem verweist. als in 
einem Konsistenzpunkl befindlich; 

Raumen (520) reguiarer Dateien sowie Meta- io 
dateien (530) auf eine Speichereinnchtung; 

Raumen (540) mindestens eines Blocks von 
Dateisysteminformation auf die Speicherein- ^ 
richtung; und 

emeutes Einstellen (550) jeglicher berOhrter 
Inoden. die nicht Tei! des Konsistenzpunkts 
waren. in eine Warteschlange. 

20 

Vertahren nach Anspruch 1. bei demder Schrittdes 
Raumens von Metedaleien auf die Speichereinnch- 
tung w«terhin folgende Schritle beinhaltet: 

Vorraumen (610) einer Inode aus einer Block- 25 
abbildungsdatei in eine Inodendatei; 

Zuweisen (620) von Platz aul der Speicherein- 
nchtung fur samtliche beruhrten BI6cke in der 
Inode und den Blockabbildungsdateien; so 

erneutes Raumen (630) der Inode fur die 
Blockabbildungsdatei; 



Aktualisieren (640) einer Mehrzahl von Eintra- 
gen in der Bkxkabbildungsdalei. vw)bei jeder 
Eintrag unter den mehreren Eintragen einen 
Block auf der Speichereinrichlung reprasen- 
tiert; und 

Schreiben (650) samtlicher beruhrler BlOcke in 
der BlockabbiWungsdatei und der Inodendatei 
auf die Speichereinrichtung. 



35 



40 



32 

expulser (540) au nwins un btoc dlnformations 
de systfeme de fichiers dans lesdte moyens de 
m6rtx)risa1ion, et 

remettre en filed'attente (550) tout mode incor- 
rect qui ne faisart pas partie dudit point de 
coh^ence. 

Proc6d6 selon la revendication 1 . dans lequel lacfite 
aape consistant k expulser lesdits fichiers de 
m6ta-donn6es dans lesdits moyens de m6morisa- 
tion comporte en outre les 6tapes consistant a : 

pr6-expulser (610) un inode d'un fichier de 
reprfeenlafion de blocs dans un fichier d1no- 
des, 

ailouer (620) un espace dans lesdits moyens 

de m6morisation k tous les blocs incorrects 

silufe dans lesdits fichiers dinodes el de 

reprteentaton de talocs, 

expulser k nouveau (630) ledH inode dudrt 

fichier de representation de Woes. 

metlre h jour (640) une pluralit6 rfen1r6es dans 

ledit f ichier de reprfeentation de bkxs dans 

lequel chaque entr6e de ladite pluralrt6 

d-entr6es reprfesente un Woe dans lesdits 

moyens de mfemorisation, et 

6CTire (650) tous les Woes incorrects dans ledrt 

fichier de representation de Woes el leditfiehier 

d'inodes desdits moyens de memorisation. 



Ftevendications 

1 . Proc6d6 pour g6n6rer un point de coherence com- 
portant les etapes consistant a : 

marquer (510) une pluralite dinodes. un inode 
6tant une structure de definition de fchier 
deaivant au moins un f ichier dans un systeme 
de fichiers. en pointant vers une pluralite de 
Woes modifies dans un systeme de fichiers 
comme etanl un point de coherence, 
expulser (520) des f ichiers standards et des 
fichiers de m6ta-donn6es (530) dans des 
moyens de memorisation. 
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